INTRODUCTION
Original anthropological excavation at the Minatogawa Fissure on Okinawajima Island of the Ryukyu Archipelago from 1968 to 1974 resulted in the discovery of a number of Late Pleistocene human bones (Kaifu and Fujita, 2012 ; and literature cited therein) and numerous associated remains of other terrestrial vertebrates (e.g., Hasegawa, 1980; Kawamura, 1989; Matsuoka, 2000) . The amphibian fossil assemblage was reported to contain a total of 10 or 11 (if "Rhacophorus sp." was counted) anurans and one newt species (Hasegawa, 1980) . However, the assemblage has often been regarded as unusual because the presence of some of the component species exhibited an obvious discrepancy with a biogeographers' view of the archipelago and the intrinsic characteristics of the Pleistocene limestone substrate of the southern part of the island, where the fissure is located (e.g., Ota, 2003) .
From the biogeographical viewpoint, the fossil occurrence of two ranid species (Wrinkled Frog Glandirana rugosa and Tago's Brown Frog Rana tagoi) known only from mainland Japan and adjacent islets (Maeda and Matsui, 1999; Frost, 2014) remarkably contradict the highly endemic nature of the current terrestrial vertebrate fauna of the Central Ryukyus (i.e., the Amami and Okinawa Island Groups and some nearby islands). This current state unequivocally reflects the long-standing isolation of this region from nearby landmasses, particularly the more northern areas of Japan (e.g., Okada and Koba, 1931; Ota, 1998; Matsui, 2005; Motokawa, 2009) . Indeed, the extant indigenous amphibian fauna of the Central Ryukyus (11 out of 14 species are endemic) does not share its component species with mainland Japan, except for the Marsh Frog Fejervarya kawamurai (formerly known as Rana or Fejervarya limnocharis), a widely distributed dicroglossid frog that ranges from Honshu (mainland Japan) through the Central Ryukyus and Taiwan to Central-South China (Djong et al., 2011) . To explain the biogeographical peculiarity of the Central Ryukyu populations, some researchers argue that the species reached this location through relatively recent oversea dispersals from the Eurasian Continent (Toda et al., 1997; Toda, 1999) (see Discussion) .
From a paleoenvironmental perspective, the fossil occurrence of five obligate forest-dwelling frog species (Namiye's Frog Limnonectes namiyei, Holst's Frog Babina holsti, Ishikawa's Frog Odorrana ishikawae, Okinawa Tip-nosed Frog O. narina, and Ryukyu Brown Frog Rana ulma) that are currently strictly confined to the northern forested hilly area of the island is astonishing (Ota, 2003) . This is because the habitat requirements of these frogs (dense forest for adults and shallow streams under forest cover for juvenile growth; e.g., Utsunomiya et al., 1983) are quite incompatible with the inherent properties of the Pleistocene limestone substrate that predominates in the southern part of Okinawajima -high porosity (Maekado, 1989) and karstic topography, which can absorb surface freshwater habitats (Nishijima et al., 1974; Tachihara, 2003) . In fact, the southern part of the island, particularly the limestone areas, lack such lotic habitats and therefore the four extant frogs and two newts in the region (Fejervarya kawamurai, Ryukyu Narrow-mouthed Toad Microhyla okinavensis, Ryukyu Kajika Frog Buergeria japonica, Okinawa Green Tree Frog Rhacophorus viridis viridis, Sword-tailed Newt Cynops ensicauda, and Anderson's Crocodile Newt Echinotriton andersoni) are mostly lentic breeders. Hasegawa (1980) left several questions unanswered because he simply listed the taxa identified in the Minatogawa Fissure without providing information to verify his species identification. In addition, the lack of a follow-up study has prevented us from ascertaining the exact state of the Late Pleistocene amphibian fauna of the island as well as its biogeographical/paleoenvironmental significance. Here we report on Late Quaternary amphibian fossils recovered from two limestone fissures located in the southern limestone area of Okinawajima. One of the sites is the Minatogawa Fissure, which was recently re-excavated in an anthropological survey. Both of the limestone fissures yielded an abundance of Late Pleistocene amphibian fossils, and middle Holocene amphibian remains were discovered at one of the sites. These fossils are adequate to document snapshots of Late Quaternary local amphibian fauna and provide information about changes in the paleoenvironmental conditions in the area.
MATERIAL AND METHODS

Geological Settings
Okinawajima (ca. 1200 km 2 ) is a narrow island oriented on a NE-SW axis with a maximum length of 100 km ( Figure 1 ). The island consists of two geologically contrastive components: the northern part is comprised mainly of pre-Neogene strata (e.g., Fujita, 1989) and the southern part is composed of the Plio-Pleistocene Shimajiri Group (siltstone associated with tuff), Pleistocene Chinen Formation (calcareous sandstone and sandy limestone), and Pleistocene Ryukyu Group limestone (e.g., Sagae et al., 2012) . The Ryukyu Group distributed in the southern part is divided into three sections: the Itoman Formation (Early Pleistocene), Naha Formation (Early to Middle Pleistocene), and Minatogawa Formation (presumably Late Pleistocene) (see Sagae et al., 2012) .
Study Sites
The amphibian fossils examined here were derived from two limestone fissures located in the southern part of Okinawajima Island (Figure 1 ). Minatogawa Fissure (26° 07' 46" N, 127° 45' 34" E; elevation: 20 m a.s.l). The Minatogawa Fissure in Nagamou, Yaese Town, is located on a bank of the Yuhi River (0.5 km from the mouth of the river), on the southeastern coast of the island. It is a crevice formed in the Minatogawa Formation of the Ryukyu Group (e.g., Tsuchi, 1982) . As mentioned above, Hasegawa (1980) reported 11 or 12 species of amphibians and their relative quantities (Table) . Of these, Glandirana rugosa (as Rana rugosa) and Rana tagoi are known as mainland Japanese species and there is no other record from the island or the Central Ryukyus (see above). Additionally, Nokariya (1983b) mentioned the fossil occurrence of Polypedates leucomystax (as Rhacophorus leucomystax), a Southeast Asian rhacophorine frog believed to have been introduced to the Ryukyus in the mid-20th century (see Discussion); presumably this frog corresponds to "Rhacophorus sp." in Hasegawa (1980) . Although we were unable to examine the amphibian fossils discussed by Hasegawa (1980) and Nokariya (1983b) , we investigated unsorted fossils collected in the recent (1998) (1999) (2000) (2001) anthropological excavation at the fissure (see Hashimoto et al., 2002 for details) . These fossils were collected by water screening. Part of the fossils were reported to contain one vertebra of Limnonectes namiyei, one right ilium of Babina holsti, one vertebra of Odorrana narina, 41 miscellaneous bones of unidentified anurans, and 79 precaudal/caudal vertebrae of unidentified newts (Nohara and Irei, 2002) . However, we did not confirm these records except for B. holsti because most of the fossils discussed by Nohara and Irei (2002) could not be identified (presumably, they are included in the studied material).
The age of the Minatogawa fossils examined here is estimated as the latest Late Pleistocene. An Accelerator Mass Spectrometry (AMS) 14 C age of 13,460 ± 110 BP (ca. 15,670 cal. BP: calibrated using Fairbanks0107 [Fairbanks et al., 2005] ) was reported by Hashimoto et al. (2002) for a sample of sediment humates from deposits located at the base of the fissure, from which all the amphibian fossils were derived. The fossils examined here FIGURE 1. Maps of the Ryukyu Archipelago (1, 2) and Okinawajima Island (3). The map of Okinawajima shows topography, distribution of the Pleistocene limestone, and study sites. Geological data were obtained from Kizaki (1985). 4 are housed at the Yaese Town Museum of History and Folklore, Yaese Town, Okinawa Prefecture, Japan (YMHF-MA; we provisionally assigned the abbreviation for the institution and the collection number). Sashiki Fissure (26º 09' 82" N, 127º 48' 32" E; elevation: 160 m a.s.l.). The Sashiki Fissure (Moriguchi, 2003; "Chinen Fissure" in Azuma, 2007) in Sashiki-Tedokon, Nanjo City, lies ca. 6 km northeast of the Minatogawa Fissure ( Figure 1 ) and is situated on an uplifted terrace of the Naha Formation on the Chinen Peninsula. This fissure is a sinkhole (ca. 8 m in depth) that was exposed by limestone mining (Figure 2) . Our excavation at the fissure was conducted from [2004] [2005] [2006] [2007] [2008] . Because the remnant infill consisted of two discrete components, we treated the sediments separately as follows: the "lower unit" formed at the base and the "upper unit" deposited on a shelf (Figure 2 ). Our effort for stratigraphic control at the excavation site was limited due to the infill, particularly in the lower unit, which had collapsed and was largely exposed. Fossils were gathered using dry or wet screening (1 mm mesh). Some of the fossils were collected by Mr. Mitsuru Moriguchi and courteously provided for this study.
The sediments of the lower unit had a height of approximately 2.2 m and were composed of dark brown clayey soil with limestone debris. The exact amount of the sediments we examined is unknown, but it was at least double the amount of the upper unit (see below). Most of the fossils from the lower unit have been dated to the Late Pleistocene because a fragment of charcoal collected 1 m from the bottom produced an AMS 14 C age of 31,745 ± 216 cal. BP (Conventional Radiocarbon Age: 26,480 ± 150 BP; δ 13 C [measured using AMS]: -27.96 ± 0.89 ‰; sample number: IAAA-80231; cali- Hasegawa (1980) . -indicates absence of the fossil, * denotes extralimital taxa (mainland Japanese species: Glandirana rugosa and Rana tagoi; Southeast Asian species: Polypedates leucomystax), and ** denotes a taxon mentioned by Nokariya (1983b Kaifu and Fujita, 2012) . Additionally, Azuma (2007) reported a radiocarbon age of the fissure deposits of 22,941 ± 434 cal. BP, using Cyclophorus shells presumably derived from this unit, but the details of the dating are uncertain. The fossils obtained from the fissure, which were presumably derived from the lower unit sediments defined here, included terrestrial crabs, land snails, and some vertebrates (Moriguchi, 2003; Naruse et al., 2004; Azuma, 2007) . We also recovered a metacarpal fragment of the extinct Ryukyu Deer Cervus astylodon and numerous fossils of the Okinawa Spiny Rat Tokudaia muenninki, the Amami Woodcock Scolopax mira, and the Okinawa Rail Gallirallus okinawae, which are not currently found on this part of the island. Those remains were derived from various sized animals, and small vertebrates including amphibians were mostly represented by several parts of cranial and postcranial skeletons. Thus, these fossils, together with those obtained from the upper unit (see below), may suggest that the fissure acted as a pitfall for small animals and a sink for surface debris. In contrast with the lower unit, the sediments of the upper unit produced a number of different marine fish bones that may be interpreted as leavings of early human inhabitants (although such remains may have been left by roosting seabirds, such as ospreys or boobies). However, neither arti- 6 facts nor present-day debris were discovered. There were also several fossils of other vertebrates, particularly those that are presently absent in the southern part of the island, such as the Ryukyu Long-furred Rat Diplothrix legata. We therefore regarded the fossils from the unit as being representative middle Holocene fauna, presumably associated with early civilization. The amphibian fossils from this fissure are located in the Fujukan, University Museum of the University of the Ryukyus, Nishihara Town, Okinawa Prefecture, Japan (RUMF).
Identification
A common limitation of accuracy in the identification of amphibian fossils lies in the frequent insufficiency of characters for the phylogenetic analysis that can be extracted from available bone fragments. Therefore, as practiced in some previous studies on the Quaternary paleoherpetology, our identification was based on overall similarity through direct comparisons with the skeletal specimens of extant taxa. We used specimens representing all extant anuran species of Japan (except Glandirana susurra, which is confined to an offshore island of northern Honshu [Sekiya et al., 2012] ) and of all three salamander (newt) species known from the Ryukyu Archipelago (Appendix). Specimens of other extant anurans and salamanders from adjacent areas, such as those from Korean Peninsula, were also examined. Additionally, literature information on the osteology of Japanese anurans (Nokariya, 1983a (Nokariya, , b, 1984 was consulted. Because all fossils were from relatively recent geological ages (see above), present geographic distributions of the extant taxa were considered in selecting the comparative materials, and we believe possible effect of such an a-priori assumption on the accuracy in identification is negligibly small.
We concentrated our identification of anuran fossils on the humeri and ilia, which are dominant elements in the fossils discussed here and are useful for species-level identification. Morphological comparisons were conducted using a binocular microscope (Nikon SMZ-10). The minimum number of individuals (MNI) was calculated for each taxon from each site/excavation unit. Osteological terminology follows Bolkay ( , 1933 and Sanchiz (1998) for anurans, and Estes (1981) and Duellman and Trueb (1986) for salamanders. The higher group taxonomy of amphibians follows that of Frost (2014) . (Stejneger, 1901 The identification is based on the absence of the crista medialis and the crista lateralis, and the possession of a stout and scarcely waisted shaft, a massive distal condylar part, a well-concaved fossula dividens, a very weak spina tuberculi medialis (sensu Bolkay [1919, p. 330-331] , which refers to a ridge on the shaft extending distally from the tuberculum mediale of the caput humeri), and a pointed proximal tip of the olecranon scar (in dorsal view). The gender (female) is inferred from the slender overall shape. Practical observations on the humerus of this species by Nokariya (1984) are confined to the presence of the fossula dividens and the crista paraventralis (the crest was mistakenly referred to as the "spina tuberculi medialis" in his publication; see Nokariya and Hasegawa [1979, figure 2] ). Ilium. A left ilium lacking the anterior part of the ilial shaft (RUMF-GF-04000: Figure 3 .4) is referred to this species. Nokariya's (1984) observations on the ilium of this species note a well-developed crista dorsalis and the tuber superior that is separated from the acetabular margin. The following combination of character states may be useful to discriminate the ilium from those of other Japanese anurans examined: a thin, high (the height [from the ventral edge of the ilial shaft, same hereafter] is higher than that of the acetabulum), and anteriorly tapered crista dorsalis with an angulated posterodorsal corner; a straight posterior edge of the crista dorsalis that forms at a sharp angle with the anterior edge of the pars ascendens; the tuber superior that is mediolaterally thin, subround in shape, and defined by a weakly ridged margin; a straight anterior edge of the pars ascendens; and a distinct supracetabular fossa. (1) (2) (3) (4) and Babina holsti (5-11). 1-3, left female humerus lacking the proximal and distal parts and the crista ventralis (YMHF-MA 001) in ventral (1), medial (2) and dorsal (3) views; 4, left ilium lacking the anterior part (RUMF-GF-04000) in lateral view; 5-7, right female humerus (one of six registered as RUMF-GF-04003) in ventral (5), medial (6) and dorsal (7) views; 8-10, right male humerus lacking the proximal part (one of two registered as RUMF-GF-04004) in ventral (8), medial (9), and dorsal (10) views; and 11, right ilium lacking the anterior part (one of nine registered as RUMF-GF-04005) in lateral view. Abbreviations: acet, acetabulum; acet.m, acetabular margin; cr.dors, crista dorsalis; cr.lat, crista lateralis; cr.med, crista medialis; cr.par, crista paraventralis; cr.ven, crista ventralis; e.cap, eminentia capitata; ep.rad, epicondylus radialis; ep.ul, epicondylus ulnaris; fo.div, fossula dividens; il.sh, ilial shaft; ol.sc, olecranon scar; p.asc, pars ascendens; stm, spina tuberculi medialis; supr.fo, supracetabular fossa; tub.sup, tuber superior. Scale bars equal 5 mm.
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Family RANIDAE Rafinesque, 1814 Genus BABINA Thompson, 1912 Babina holsti (Boulenger, 1892 )-Holst's Frog Figure 3 .5-3.11
Occurrence (MNI). Minatogawa: 2; Sashiki (lower unit): 6. Referred material. Minatogawa: 2 female humeri (right: YMHF-MA 002) and 2 ilia (right: YMHF-MA 003); Sashiki (lower unit): 6 female humeri (1 right and 5 left: RUMF-GF-04003), 2 male humeri (1 right and 1 left: RUMF-GF-04004), and 9 ilia (6 right and 3 left: RUMF-GF-04005). Humerus. Nokariya's (1984) observations on the humerus of this large-sized frog note a laterally projected epicondylus radialis, a small and ridgelike crista lateralis (female only), and a proximally positioned waisted part of the shaft (female only). The other diagnostically useful character states of the humerus are: a robust and strongly waisted shaft; a high crista ventralis with a straight ventral edge that is parallel to the dorsal edge of the shaft (in mediolateral views); the distal edge of the crista ventralis that forms an oblique angle with the ventral outline of the shaft (in mediolateral views); the distance between the ventrodistal corner of the crista ventralis and the eminentia capitata, which is only 2.5 times longer than the length of the eminentia capitata; the crista paraventralis that extends proximally to the level of the ventrodistal corner of the crista ventralis; the proximal part of the epicondylus ulnaris that protrudes medially (more than the distal part in dorsoventral views); and a tapered and round outline of the proximal part of the olecranon scar (in dorsal view). The crista lateralis and the crista medialis of male humeri inflect dorsally, with the former extending laterally beyond the level of the lateral edge of the epicondylus radialis, and the latter extending medially beyond the level of the medial edge of the epicondylus ulnaris (Figure 3 .8-3.10). These crests are ridge-like in the female (Figure 3 .5-3.7) and extend proximally to the level of the crista ventralis forming angulated ridges of the shaft (as a consequence, the cross-section of the narrowest part of the shaft forms a semicircle). The fossula dividens scarcely concaves in the female and some males while it concaves deeply in some males; and the spina tuberculi medialis is weak in the female and some males, but developed in other males . Ilium. Nokariya's (1984) observations on the ilium of this species note a well-developed crista dorsalis and tuber superior. The other diagnostic combinations of the character states on the ilium ( Figure   3 .11) are: an elliptical and swell-like tuber superior without ridging in the margin; the tuber superior that is in contact with the acetabular margin (contra Nokariya, 1984) ; a thin and high (the height is higher than that of the acetabulum) crista dorsalis with a gently round posterodorsal corner; the pars ascendens with a posteriorly curved anterior edge; and a distinct supracetabular fossa. Remarks. While the ilia and female humeri of this species are morphologically indistinguishable from those of Babina subaspera (the sibling species endemic to the Amami Island Group: Maeda and Matsui, 1999) , fossils of these elements are referred on the basis of the species' exclusive occurrence on the island. Male humeri of B. holsti differ from those of B. subaspera by having lessdeveloped crista lateralis and crista medialis.
Genus ODORRANA Fei, Ye, and Huang, 1990 Odorrana ishikawae (Stejneger, 1901 splendida, see below) in having a series of character states: a robust shaft that is strongly waisted at the point proximal to the condylar part (in dorsoventral views); a weakly curved ventral edge of the crista ventralis, which is not parallel to the dorsal margin of the shaft (in mediolateral views); the distal edge of the crista ventralis that forms an oblique angle with the ventral outline of the shaft (in mediolateral views); a distinct crista paraventralis that extends proximally beyond the level of the ventrodistal corner of the crista ventralis; a developed spina tuberculi medialis; a depressed and flattened shaft at the area intervening between the spina tuberculi medialis and the crista ventralis; a usually distinct and shallowly concaved fossula dividens; a scarcely protruded epicondylus radialis; the distal part of the epicondylus ulnaris that protrudes medially (more than the proximal part in dorsoventral views); and a gently round outline of the proximal part of the olecranon scar (in dorsal view). In the female, the crista medialis and the crista lateralis are ridge-like ( Figure  4 .1, 4.3), while in the male, the former is developed but the medial extent is less than the level of the medial edge of the epicondylus ulnaris, and the latter is much less developed than the former with a FIGURE 4. Fossils referred to Odorrana ishikawae (1) (2) (3) (4) (5) (6) (7) and Odorrana narina (8-14), 1-3, right female humerus (one of 10 registered as RUMF-GF-04009) in ventral (1), medial (2), and dorsal (3) views; 4-6, right male humerus (one of three registered as RUMF-GF-04010) in ventral (4), medial (5), and dorsal (6) views; 7, right ilium lacking the anterior part with part of the ischium (one of five registered as RUMF-GF-04011) in lateral view; 8-10, right female humerus (one of eight registered as RUMF-GF-04014) in ventral (8), medial (9), and dorsal (10) views; 11-13, right male humerus lacking the proximal part of the shaft and the distal part of the epicondylus ulnaris (RUMF-GF-04015) in ventral (11), medial (12), and dorsal (13) laterally convex edge (Figure 4.4, 4.6) . Nokariya (1984) did not provide useful observations on the humerus of this species. Ilium. The ilium of this species (Figure 4 .7) differs from that of the other anurans examined (except O. splendida) in having a series of character states: the tuber superior that is separated from the acetabular margin (Nokariya, 1984) ; a comma shaped tuber superior that is usually anteroposteriorly longer than the height with a gently curved posterodorsal corner; a ridged margin of the tuber superior; a thick and low crista dorsalis (the height is less than that of the acetabulum); the crista dorsalis that is anteriorly tapered with a straight dorsal edge; a medial inclination of the crista dorsalis, except the posterior end; the pars ascendens with a posteriorly curved anterior edge; and a fused supracetabular fossa. Remarks. The Amamioshima Island (Amami Island Group) population of this species has been described as O. splendida (see Kuramoto et al., 2011) . These sibling species resemble each other osteologically, while O. ishikawae has more robust humeri and a more developed crista medialis in male humeri. The species-level identification of the fossil ilia discussed here is based on the species' exclusive occurrence on the island.
Odorrana narina (Stejneger, 1901) Humerus. The humerus of this middle-sized frog (Figure 4 .8-4.13) can be distinguished from that of other anurans examined (except allied species, see below) by having a series of character states: a slender shaft with an almost uniform diameter throughout the length; a straight ventral edge of the crista ventralis that is often nearly parallel to the dorsal edge of the shaft (in mediolateral views); the distal edge of the crista ventralis that forms an oblique angle with the ventral outline of the shaft (in mediolateral views); a distinct crista paraventralis that extends proximally to the level of the ventrodistal corner of the crista ventralis; a weak spina tubercli medialis; a distinct and shallowly concaved fossula dividens; a scarcely protruded epicondylus radialis; the proximal part of the epicondylus ulnaris that protrudes medially (more than the distal part in dorsoventral views); and a gently round outline of the proximal part of the olecranon scar (in dorsal view). The crista medialis and the crista lateralis are fringe-like in the female (Figure 4 .8, 4.10), while in the male, the former extends medially beyond the level of the medial edge of the epicondylus ulnaris, and the latter forms a straightedged ridge of the shaft (Figure 4 .11, 4.13). Nokariya (1984) did not provide useful observations on the humerus of this species. Ilium. Nokariya (1984) noted that the tuber superior of this species is separated from the acetabular margin. Other informative character states on the ilium (Figure 4 .14) are: the tuber superior that is well-defined and encircled by a ridged margin; a parallelogram-or drop-shaped tuber superior with a weakly angulated posterodorsal corner and straight, steep posterior edge; the tuber superior that is higher than the anteroposterior length; the crista dorsalis that is thick, low (the height is less than that of the acetabulum), and weakly tapered anteriorly with a straight dorsal edge; a medial inclination of the crista dorsalis (except the posterior end); the pars ascendens with a posteriorly curved anterior edge; and a fused supracetabular fossa. Humerus. Correct observations on the humerus of this tiny, slender-bodied frog by Nokariya (1984;  as Rana [Rana] okinavana) are confined to a weak crista paraventralis and a distinct fossula dividens.
The humerus of this species ( Figure 5 .1-5.6) may be identified on the basis of having a series of character states (see also below): a slender and nearly straight shaft with an almost uniform diameter throughout the length; a proximodistally short crista ventralis (the distance between the ventrodistal corner and the eminentia capitata is at least 4.5 times longer than the length of the eminentia capitata); a straight ventral edge of the crista ventralis that is nearly parallel to the dorsal edge of the shaft (in mediolateral views); the distal edge of the crista ventralis that forms an oblique angle with the ventral outline of the shaft (in mediolateral views); the crista paraventralis that extends proximally to the level of the ventrodistal corner of the crista ventralis; a distinct spina tuberculi medialis; a scarcely protruded epicondylus radialis; the distal part of the epicondylus ulnaris that usually protrudes medially (more than the proximal part in dorsoventral views); and a tapered and pointed proximal part of the olecranon scar (in dorsal view). Female humeri usually lack the crista medialis and the crista later- alis, but some show a fringe-like crista medialis ( Figure 5 .1-5.3). In male humeri, a well-developed crista medialis extends proximally to the midpoint of the shaft, while the proximal extent of the crista lateralis is more confined ( Figure 5 .4-5.6). Ilium. The ilium of this species ( Figure 5 .7) can be diagnosed on the basis of having a series of character states (see also below): a spindle-or commashaped tuber superior, which is in contact with, or separated from, the acetabular margin (contra Nokariya, 1984) ; a thin and moderately high crista dorsalis, the height of which is almost the same as that of the acetabulum (Nokariya, 1984) ; a gently arched dorsal edge of the crista dorsalis, which is highest at the point much anterior to the tuber superior; a posteriorly curved anterior edge of the pars ascendens; and an open supracetabular fossa.
Remarks. The humerus of this species is morphologically similar to those of closely related species, R. kobai (endemic to the Amami Island Group) and R. tsushimensis (endemic to Tsushima Island, north of Kyushu); the ilium is also similar to that of R. kobai. The fossils discussed here are referred to R. ulma on the basis of the exclusive occurrence on the island. Family RHACOPHORIDAE Hoffman, 1932 (1858 Subfamily BUERGERIINAE Channing, 1989 Genus BUERGERIA Tschudi, 1838 Buergeria japonica (Hallowell, Humerus. The female humerus of this tiny frog ( Figure 6 .1-6.3) is unique among Japanese anurans in having a combination of character states: an indistinct olecranon scar (Nokariya, 1983b) , an angulated medial margin of the proximal part of the epicondylus ulnaris (in dorsoventral views) (Nokariya, 1983b) , a short epicondylus ulnaris that does not reach the level of the distal tip of the eminentia capitata (Nokariya, 1983b) , a mediolaterally widened shaft at the part proximal to the eminentia capitata, a ventrally-oriented and fringe-like crista medialis and crista lateralis, and the proximal part of the epicondylus ulnaris that protrudes medially (more than the distal part in dorsoventral views). The male humeri differ from those of females in having better developed crista medialis and crista lateralis (contra Nokariya, 1983b) . Ilium. The following character states differentiate the ilium (Figure 6 .4) from that of the other anurans examined: a narrow preacetabular zone (Nokariya, 1983b) ; the tuber superior that is in contact with the acetabular margin (Nokariya, 1983b) ; an elliptical tuber superior that is much higher than the length; a moderately high crista dorsalis (the height is almost the same as that of the acetabulum) with a uniform height across most of the length (most of the crest was lost in the referred specimen: Figure  6 .4); a laterally overhanging posterior part of the crista dorsalis; an angulated posterodorsal corner of the crista dorsalis; a posteriorly curved anterior edge of the pars ascendens; and an indistinct supracetabular fossa (see also Nakamura et al., 2009 ).
Subfamily RHACOPHORINAE Hoffman, 1932 (1858) Genus RHACOPHORUS Kuhl and Van Hasselt, 1822 Rhacophorus viridis viridis (Hallowell, 1861 Humerus. These middle-sized slender humeri ( Figure 6 .5-6.10) can readily be referred to rhacophorine genera (e.g., Kurixalus, Polypedates, and Rhacophorus) on the basis of having a developed 14 crista medialis and crista lateralis; a slender shaft with a mediolaterally thin proximal part; an indistinct olecranon scar; a gently curved ventral and distal edges of the crista ventralis (in mediolateral views); the distal edge of the crista ventralis that meets at a slight angle to the ventral outline of the shaft (in mediolateral views); and a small and proximodistally elongated eminentia capitata (Nokariya, 1983b) . The fossil humeri resemble those of Rhacophorus viridis, the only indigenous rhacophorine species in the Central Ryukyus, and differ from those of Polypedates leucomystax (a rhacophorine species naturalized in the Ryukyus: see above) in having a crista ventralis that extends distally to almost the midpoint of the shaft (vs. usually confined to one-third of the shaft: Nokariya, 1983b ) and male's crista medialis that extends medially beyond the level of the medial edge of the epicondylus ulnaris (vs. less-developed). The gender of the fossil humeri was inferred from the developmental degree of the crista lateralis and the crista medialis (Nokariya, 1983b) . Ilium. The fossil ilia (Figure 6 .11) are referred to rhacophorine frogs on the basis of having a wide preacetabular zone (Nokariya, 1983b) , a small and tubercle-like tuber superior, a thick and low crista dorsalis (the height is much less than that of the acetabulum), and a nearly fused supracetabular fossa. They resemble those of Rh. viridis and differ from those of P. leucomystax in having a tuber superior that is separated from the acetabular margin (vs. contact: Nokariya, 1983b ) and a straight dorsal margin of the crista dorsalis that is in parallel with the ventral margin of the ilial shaft (vs. a posteriorly sloping posterior part of the crest: Nakamura et al., 2009) . Remarks. Currently, two subspecies are recognized under Rhacophorus viridis (Maeda and Matsui, 1999 (Figure 7 .1-7.4) are referred to salamandrid newts in having an opisthocoelous centrum and a high neural spine (as opposed to an amphicoelous centrum and a low and flattened neural spine in cryptobranchids and hynobiids [Estes, 1981; Venczel, 1999] , the other Caudata known from Japan). They differ from those of Echinotriton andersoni (the other salamandrid newt of the Central Ryukyus) in having a smooth dorsal surface of the horizontal plate at the top of the neural spine; zygapophyses that position dorsal to the diapophyses; a round condyle with a precondylar constriction; and laminae that fringe anterior margins of the parapophyses (see also below). They resemble those of Cynops ensicauda, and differ from those of the mainland Japanese congener C. pyrrhogaster in having an anteroposteriorly flattened (vs. less flattened) condyle and a strong (vs. weak) precondylar constriction. The atlantes (Figure 7 .5, 7.6) are referred to this species on the basis of morphological differences from that of syntopic E. andersoni: less-developed crests on lateral sides of the neural arch and the lack of extensive dermal ossification on the dorsal surface of the neural spine (see below). Cranial and postcranial skeletons. The other elements are referred to the species on the basis of several morphological differences from those of E. andersoni (see also below): the lack of an extensive dermal sculpturing in several cranial elements (frontal, squamosals, parietal-prootic-exoccipital [ Figure 7 .7], and maxillae [ Figure 7 .8]); a maxilla with a relatively short, posteriorly broadened, and dorsally turned posterior process (also differs from that of C. pyrrhogaster with a more short posterior process); a delicate dentary (Figure 7 .9) with a medially exposed anterior subdental ditch and a notch for the prearticular that extends anteriorly to the midpoint of the bone; a truncate rib ( Figure  7 .10) with a single knob-like epipleural process; a straight and slender humerus (Figure 7 .11) with a thin and angulated radial margin; and a stout femur (Figure 7 .12) with a concavity at the distal part of the flexor surface of the fibular condyle (indicated by an arrow). 16 dyle without precondylar constriction; and the parapophyses without fringing laminae at the anterior margins (except the sacrum and a few presacral vertebrae). The referred atlantes differ from those of Cynops in having developed crests on the lateral sides of the neural arch.
Cranial and postcranial skeletons. The fossil specimens of the parietal-prootic-exoccipital (Figure 8 .7), maxillae (Figure 8.8) , and frontals are referred to this species on the basis of having an extensive dermal ossification with numerous pits, which is a diagnostic feature of Echinotriton and the related Tylototriton (see Estes, 1981) . Likewise, the quadrate (Figure 8 .9) with a distinct spine on the posterodistal corner (an Echinotriton synapomorphy: Nussbaum and Brodie, 1982; Cai and Fei, 1984) and the pointed rib (Figure 8 .11) with 0-4 spine-like and dorsally projecting epipleural processes (>1 processes is a unique character state seen in E. andersoni: Nussbaum and Brodie, 1982) confirm the taxonomic allocation. Several other elements of referred specimens differ from those of syntopic C. ensicauda (see above) in having a robust dentary (Figure 7 .10) with a deep subdental ditch throughout the medial side of the tooth row and a notch for the prearticular that extends anteriorly to the posterior one-third of the bone; a robust and well-waisted humerus (1) were present in much lower proportions (Table) .
In contrast, R. ulma (152) was the predominant element in the Late Pleistocene assemblage (lower unit) at Sashiki, accounting for nearly half of total amphibian MNI and more than 85 % of anuran MNI. R. ulma was followed by newts (C. ensicauda [51] and E. andersoni [92] ) and, in much lower proportions, the other anurans represented (L. namiyei [1] , B. holsti [6] , O. ishikawae [7] , O. narina [5] , and Rh. viridis viridis [6] ). The middle Holocene assemblage of the fissure (upper unit) had another distinct species composition comprised of only three anurans (Microhyla okinavensis [2] , Bu. japonica [1] , and Rh. viridis viridis [1] ) and C. ensicauda (1) with very few individuals documented (Table) .
DISCUSSION
Amphibian Fauna in the Late Pleistocene of Okinawajima
Despite our investigation having included fossils from the same site (the Minatogawa Fissure), the Late Pleistocene amphibian fauna of Okinawajima shown in the present study differs markedly from that reported by Hasegawa (1980) (Table) . Most notably, the fauna in the present study lacks any species extinct on the island, whereas Hasegawa (1980) reported two mainland Japanese frog species, Glandirana rugosa and Rana tagoi, from Minatogawa. Likewise, although Nokariya (1983b) suggested the fossil occurrence of a Southeast Asian rhacophorine frog (Polypedates leucomystax) on Minatogawa, all informative elements of the rhacophorine fossils investigated here are identified as the indigenous Rhacophorus viridis viridis.
The fossil records of Glandirana rugosa, Rana tagoi, and Polypedates leucomystax from Minatogawa (Hasegawa, 1980; Nokariya, 1983b; cited in Sanchiz, 1998) are attributed to misidentification.
Although the Minatogawa fossils discussed by Hasegawa (1980) and Nokariya (1983b) have never been reexamined, it is reasonable to assume that our detailed identification of the abundant fossils from the Minatogawa Fissure and an additional fissure may result in a more general taxonomic conclusion regarding the Okinawan Late Pleistocene amphibian fauna than those previous studies. As such, it is now apparent that the Late Pleistocene amphibian assemblages from the island do not support Hasegawa's (1980) paleogeographic hypothesis that assumes a Late Pleistocene continuous dry land connection between the Central Ryukyus and mainland Japan (see also Ota, 1998 and Kawana, 2002 for criticism of the hypothesis). Additionally, little doubt remains that P. leucomystax was artificially introduced to the Ryukyus in the mid-20th century (Kuramoto, 1965; Kuraishi et al., 2009) .
The absence of the biogeographically aberrant frog Fejervarya kawamurai (see Introduction) in the fossils discussed here may be significant. While Hasegawa (1980) tentatively referred some of the Minatogawa fossils to this species (as Rana cf. limnocharis limnocharis), this record (the only fossil record of the species from the Central Ryukyus) is dubious, similar to certain extralimital species mentioned above. The species' Late Pleistocene oversea invasion of the Central Ryukyus was hypothesized by Toda et al. (1997) and Toda (1999) in an attempt to explain the species' exceptionally low genetic diversification among several conspecific populations of Japan and the Eurasian Continent. However, the present results suggest that the invasion of the Central Ryukyus may have taken place after the middle Holocene. Human involvement in the invasion is suspected owing to the synanthropic nature of the frog. If the Central Ryukyu population of this species has an artificial origin, the endemism of the Central Ryukyu amphibian fauna could be explained more logically. Additionally, the Hallowell's Tree Frog, Hyla hallowellii (a Central Ryukyus endemic hylid), is another exception of the extant "indigenous" amphibian species due to the absence of a fossil or archeological record from the island (it is therefore not listed in Table) . Unlike F. kawamurai, however, some bones of this species have been found in putative Holocene deposits on Yoronjima Island of the Central Ryukyus (Nakamura et al., 2009 ). This species may thus have been confined to the northern part of the island, where it occurs presently (Maeda and Matsui, 1999) .
Local Paleoenvironment in the Late Quaternary
As suggested by Hasegawa (1980) , the Late Pleistocene amphibian fauna in the southern part of Okinawajima accommodated five obligate forest-dwellers (Limnonectes namiyei, Babina holsti, Odorrana ishikawae, O. narina, and Rana ulma) , which are now strictly confined to the northern forested area of the island (Utsunomiya, 1995 (Utsunomiya, , 1996b Toyama, 1996;  Figure 9 ; note that B. holsti and R. ulma also occur on Tokashikijima and Kumejima Islands, respectively, of the Okinawa Island Group). This is suggestive of dense and humid vegetation, as found in the current northern forested area. This view is supported by the fossil occurrence of other forest vertebrates such as Tokudaia muenninki, Scolopax mira, and Gallirallus okinawae from some Late Pleistocene localities, including the Minatogawa Fissure, in the southern part of Okinawajima (Kawamura, 1989; Matsuoka, 2000 Matsuoka, , 2003 . Likewise, the substantive dominance of these frogs, mostly stream-breeders, in the fossil assemblages indicates the Late Pleistocene existence of stable surface stream systems (e.g., larvae of B. holsti and O. ishikawae often take more than one year to undergo metamorphosis: Utsunomiya, 1995; Toyama, 1996 ; Y.N. personal obser- Chigira (1977 Chigira ( , 2003 ; c: Honda et al. (2012); d: Koba (1957) ; e: Matayoshi et al. (1977); f-h: Okinawa General Bureau, North Dam Construction Office (1997 , 2002 ; i and j: Sato (1989 Sato ( , 1993 ; k: Tanaka (1993); l: Toyama (1988) ; m: Tominaga et al. (2014) ; n: Utsunomiya (1996b) ; and o: Y.N. personal observations at Oku. "?" denotes a population lacking a record or observation in the past 30 years. vation). Their co-occurrence may also imply that there were headwaters diverse enough to secure habitat segregation for their larvae which are, as a rule, confined to headwaters and tend to occupy a species-specific microhabitat (Utsunomiya et al., 1983) .
In contrast to the Minatogawa Fissure, which is located near a riverbank, the current vicinity of the Sashiki Fissure, which is situated on limestone beds that form the highest part of the southern part of the island, basically is devoid of surface freshwater habitats. Considering that today's few surface streams on the southern limestone area are derived solely from springs rising on the border between the water-permeable limestone and the underlying water-impermeable Shimajiri Group (Nishijima et al., 1974) , a high subterranean-water level could be the most likely mechanism that maintained the inferred lotic habitats in the Late Pleistocene. This may be a consequence of a more pluvial climatic condition and/or much denser vegetation in the area than occurs today.
On the basis of fossil pollen records obtained from Izenajima Island, off the western coast of Okinawajima, Kuroda and Ozawa (1996) suggested that climatic conditions in the Last Glacial Maximum (LGM; ~21 ka in common definition) of the Okinawa Island Group were much more arid than today, with much reduced broad-leaved evergreen forests. Their argument is based on the absence of pollen from several temperate (and thus extralimital) tree species such as Tsuga, Abies (Pinaceae), Alnus (Betulaceae), and the deciduous Quercus (Fagaceae), which "should have otherwise increased in the pollen proportion under cooler climate" (p. 338), as expected for the LGM. However, there is an unstated assumption here that the islands of the Central Ryukyus possessed an effective entryway for those trees from temperate climatic areas during the Late Pleistocene. In fact, the Late Pleistocene amphibian assemblages from the southern part of Okinawajima, which belong to the early (Sashiki [lower unit]) and the late (Minatogawa) stages of the LGM, do not support the occurrence of such arid conditions (see above). We believe that the absence of these trees in the Last Glacial Okinawan flora should simply be interpreted as caused by the consistent isolation of the Central Ryukyus from landmasses with temperate climate areas, such as mainland Japan.
The humid forests and lotic habitats on the southern part of the island may have mostly vanished by the middle Holocene, as the middle Holocene amphibian fauna from the Sashiki Fissure (upper unit) representing three frogs (Microhyla okinavensis, Buergeria japonica, and Rhacophorus viridis viridis) and one newt (Cynops ensicauda) is almost identical to the existing fauna on the southern part of the island (see Introduction). In addition, a Holocene fossil or archeological record of these forest frogs from the southern part of the island is lacking. The absence of Echinotriton andersoni in the Holocene sediments investigated here suggests that the species may have been highly localized in this part of the island (Figure 9.6) .
A change in climate would have been the most probable cause of the inferred environmental alteration in the southern part of Okinawajima in the Late Pleistocene-middle Holocene. Nevertheless, the possibility that Paleolithic or Neolithic hunter-fisher-gatherers played a role in causing the change through deforestation or forest burning (e.g., Grayson, 2001; Kirch, 2005) cannot entirely be rejected. This is because human impact remains the least understood aspect of the terrestrial biotas in this archipelago while at the same time constituting a prime determinant of Holocene insular landscapes and biodiversities (Whittaker and Fernández-Palacios, 2007) . To establish the cause of the Late Quaternary range collapse of these humid forest vertebrates on Okinawajima, well-dated and reasonably identified records of the Quaternary terrestrial vertebrates from the island and nearby areas should be expanded. Further investigation of the modern extirpations of these forest frogs (Figure 9 ) may also provide clues to explore the causal factor(s) of their prehistoric range reduction.
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